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TECHNICAL DISCUSSTON 

E f f o r t s  cont inue t o  be d i r e c t e d  along two p a r a l l e l  and 

conp:l5.men"ia.i.y l i n e s ,  one involving t h e  numerical zpproscll d i s c ~ i s s s d  

- n  Ref. 1, and t h e  : . , ther involving a p e r t u ~ b a t i o n .  s o l u t i o n  t o  t h e  

Cluid equat ions  o f  motlo2 f o r  small  va lues  of t h e  d imens imles s  

boundary l a y e r  t h i ckness  (based on t h e  pane! l e n g t 5 ) .  

The nune r i ca l  technique i s  being used t o  conduct p % r m e t e r  

s t u d i e s  of t h e  e f f e c t s  of flow Mach nc~nber,  bounda.:ry l a y e r  t h i c k ~ i e s s ,  

y m e i  leng.th,lwidth r a t i o ,  and pznel  Inass r a t i o .  Future e f f o r t s  w! L ' I L ' 

cons ider  p r e s s u r i z ~ t i o n  2nd p m e l  buckl ing.  

The p e r t u r b a t i o n  ap-proach hzs been developed t o  a po in t  where 

gsne rz l i zed  a.erodyneaic E o ~ c e s  due t o  a r b i t r a r y  time h l s f o r i , : s  o f  

p=:lel d e f l e c t i o n  a.re ava'.la3le f o r  two-dimensional flow. That 5 5 ,  

if a p a l e l  c!.eflection of t h e  form 

c-oduces a p r s s s u r e  p (x/a,  t j  on the  pane l ,  then :he ge;7cr:1;szed 
m 

farce: 



have been c a l c u l a t e d  as a power s e r i e s  i n  t h e  dimensiocless  boui~dzry 

; . ~ y e r  t h i ckness  6/a:  

wherein (0) ( t )  i s  thr? c l a s s i c a l  p o t e n t i a l  flow r e s u l t ,  and 

6 i s  a f i r s t  o rde r  co r r ec t ion  f o r  t h e  presence o f  t h e  
a 

boundary l a y e r .  The ex tens ion  t o  inc lude  three-d inens iona l  e f f e c t s  

i s  s t r a igh t fo rward ,  and w i l l  be  completed wi th in  t h e  p re sen t  con t r ac t  

per iod .  

A comparison o f  t h e  p re sen t  r e s u l t s  with those  obta ined  by 

t h e  numerical method of  Ref. 1 f o r  t h e  case of  s inuso ida l  panel 

w a  motion a t  a reduced frequency K r - 
U 

of  0.5 i s  presented  i n  

Figs. i and 2 .  Both t h e  in-phase ( r e a l )  ar,d out-of-phdse (inagina;;~! 

compcno~ts  o f  Q and Q a r e  shown. The tbvo s e t s  of  r e s u l t s  a r e  
1 1  1 2  

c ~ m p a r a b l e  f o r  small  va l se s  of  6 /a ,  b u t  s i z a b l e  d i f f e r e a c e s  appear 

a t  6!a = 0.1.  The agreexent can presumably be inproved by inc l cd ing  

more terms i n  ( 3 ) .  O n  t h e  o t h e r  hand, boundary l a y e r s  t h i n n e r  than  

6 / a  = 0 . 1  can. have a cons iderable  e f f e c t  on panel  f l u t t e r ,  so t h a t  

t h e  r e s u l t s  a r e  o f  i n t e r e s t  i n  t h e i r  p r e s e n t  fo rn .  

Tl pr?sent  rhcory has aiso been compzred wi th  ;-ecently 

2 
pdblrshed moasurencnts of  t h e  p re s su re  on wavy wa l l s  i m n e r ~ e d  i.: 

s b o u ~ d a r y  'xyer. Tn t h i s  case t h e  comparison involves  t h e  pr=ss1Lre 

-. tze1.f r s t he s  thtm t h e  genera l ized  f o r c e s  : 



2 n Here u s - 
L i s  the  wall wave number, so  t h a t  c i s  proport ional  t o  

t h e  boundary l a y e r  th ickness  divided by the  wall wavelength: 

The amplitude and phase angle of t h e  pressure  due t o  a u n i t  wa.l.1 

wa~i<? height  are shown i n  Figs .  3 and 4 f o r  M = 1.1. The r e s u l t s  an: 

c 1- ,,- -" 
- , L A ~ W L ~  a.rcurzte t o  zero, f i r s t  and second order i n  E i n  both f igures . .  

A co~?~-:ison of  t h e  second order  with F i g .  15 of Rcf. 2 i s  s h ~ w n  

in F i g s .  5 and 6 .  For these  c a l c ~ ~ l a t i o n s  a "1/7 power law" was 

a~sumcd f o r  the  boundary l aye r  p r o f i l e .  The same aasunption was 

used To r e l a t e  the  geomezric boundary thickness 6 t o  t h e  displzcement 

thickness 6* u e d  i n  Ref. 2 .  The agreement is  seen t o  be rel:tt ively 

good ouk t o  d* /L  .92, which corresponds i n  t h i s  case 1.3 6 / L  = - 1 2 .  

'!'hs prcrent  w ~ k  w i l l  be extended t o  i - d u d e  th ree -d imens ixa l  

flows. The genere.lized forces  w i l l  ttlon be used i n  rcpresentnt i \ .e  

f l u t t e r  ca lcu la t ions ,  t o  f u r t h e r  access t h e i r  usefulness.  

Ine  p r i n c i p a l  i n v e s t i g a t o r  presented a seminar a t  h e s  Kesearci. 

Center on ,'illy 28 ,  1971, <.iscussing progress to  t h a t  da t s .  
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BUDGETARY DISCUSSION 

One graduate s tudent  and one research  s t a f f  member a r e  

p resen t ly  working on t h i s  program i n  addi t ion  t o  the  p r i n c i p a l  

inves t iga to r .  














